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Cryopreservation has been reported to damage approximately 40e50% of viable sperm in bull semen.
The present study was undertaken to assess the cryo-effectiveness of glycerol (GLY), ethylene glycol (EG),
dimethyl sulfoxide (DMSO) and propylene glycol (PND) as cryoprotectant during the cryopreservation of
Nguni bull semen. Semen was collected from 18 Nguni bulls and evaluated macroscopically and
microscopically for sperm parameters. Thereafter, the semen samples were diluted with egg-yolk citrate
extender supplemented with either 12% GLY or DMSO or EG or PND cryoprotectant. Semen samples were
loaded into straws and placed into a controlled rate programmable freezer and stored in a liquid nitrogen
tank. Following semen thawing, artiﬁcial insemination (AI) was done on synchronized Nguni cows. The
in vitro fertilization (IVF) was conducted on cow's oocytes to test the fertilizing ability. Data was analyzed
with the aid of ANOVA. A signiﬁcant difference (p < 0.05) was recorded between fresh total sperm
motility rate (94.7 ± 2.6%) and frozen-thawed sperm total motility rate with GLY (77.8 ± 11.0%), EG
(20.4 ± 10.1%), DMSO (15.7 ± 11.9%) and PND (11.2 ± 11.3%). Interestingly, a positive correlation between
total sperm motility and pregnancy rate (r ¼ 0.42) was recorded. However, a negative correlation of
Nguni sperm parameters with IVF (r ¼ 0.53) was obtained. The freezing-thawing process did reduce the
Nguni sperm total sperm motility percentage.
© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
The Nguni cattle breed is indigenous to Southern Africa. It is a
sub-type of the African Sanga cattle, associated with the pastoralist
cattle culture of black people in Africa. It is a hardy cattle breed,
uniquely adapted to the South African environment and regarded
as inferior breed in the past. The Nguni gene pool was nearly being
extinct, because of the dilution through replacement and cross-
breeding with exotic stock. The scientiﬁc community has longcil, Animal Production Insti-
technologies, Private Bag X2,
haphathi), NedambaleTL@tut.
Inc. This is an open access article uindicated that the bull is the major proﬁt driver in a beef cattle
enterprise [1]. A bull with poor sperm motility rate generally in-
dicates a limitation to accomplish fertilization of cow ova. More-
over, the use of traditional sperm testing methods is challenging
and continues to show poor reproducibility between AI centers and
research laboratories.
The computer aided sperm analysis (CASA) system is a recent
improved tool to analyze and validate bull fertility. The CASA has
been demonstrated to be a useful tool to assess sperm fertility
parameters such as motility rates of various sperm traits [2]. Arti-
ﬁcial insemination is regarded as one of the assisted reproductive
techniques (ART's) to distribute the genetic material of livestock [3].
These ART's, together with the recent improved tools (CASA) to
analyze and validate bull fertility, can also be used to conserve and
distribute genetic material. It is, however, also a challenge tonder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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to maintain a live bull in the communal sector, due to ownership
issues. Therefore, it is vital to freeze the bull semen and distribute it
around AI centers. Consequently, it is important to ﬁnd a suitable
cryoprotectant and its concentration to maintain high quality
semen post-thawing to quantify the sperm fertility of the Nguni
bull. Regardless of the methods used to analyze sperm, there are
many factors, which play a role in the successful cryopreservation
of semen such as reactive oxygen species, type of extender, con-
centration of cryoprotectant, freezing methods, equilibration times
and the temperatures used [4]. The cryopreservation process is
known to damage sperm cell morphology, resulting in a loss of
approximately 40e50% of viable sperm and leading to a lower
fertility rate [5]. In order to improve the efﬁciency of cryopreser-
vation of bull semen, an understanding about basic essential cryo-
biological properties of these cells is needed. This includes the
sperm's response to the addition of permeating cryoprotective
agents. The level and type of cryoprotectants in semen diluents also
have an effect on the sperm survival rate [6].
Previous studies have indicated that the use of a 12% GLY con-
centration resulted in acceptable frozen-thawed sperm motility
rates in bovine semen [7]. However, there is still limited informa-
tion on the semen cryopreservation of South African Nguni bulls
and the relationship with fertility rate. The GLY cryoprotectant is
traditionally used for semen preservation [8] [9]; because it acts
directly on the sperm plasma membrane. Yet better results have
been also recordedwith the use of EG, when preserving human and
bovine semen [10]. This may be due to its low molecular weight
[11] and a greater membrane permeability than e.g. propanediol
(PND) (76.10 g/molar) and DMSO (78.13 g/molar). According to
Novok [12] DMSO is used as an important cryoprotectant to pre-
serve organs, tissues and cells, without suspensions. Although
there are different types of cryoprotectants such as e.g. DMSO and
EG Ref. [13] that provide a better protection to bull semen during
cryopreservation, GLY is generally the most preferred cryoprotec-
tant during the cryopreservation of bull semen. As it has been
indicated that EG permeates the sperm plasma membrane faster
than PND and DMSO, results in damage to the sperm during
equilibration and cryopreservation. Semen cryopreservation con-
tributes to the expansion of reproductive techniques, such as AI and
IVF [14]. In addition, cryopreservation of Nguni bull sperm and the
correlationwith pregnancy rate remains an area of interest in South
Africa for evaluating the Nguni bull reproductive efﬁciency.
2. Materials and methods
2.1. Animals, management and treatments
The Nguni bulls (n¼ 18), aged between four to seven years were
used for semen collection. Nguni cows aged four to six years were
used for oestrous synchronization and AI. Body weights (kg) of the
bulls and cowswere recorded and the scrotal circumference (cm) of
the bulls measured at the onset of the trials. All cattle were main-
tained on natural pasture and water was provided ad libitum. The
experimental procedures were approved by Agricultural Research
Council ethics committee (APIEC04/14).
2.2. Semen collection
Semen was collected twice per week for three weeks from
Nguni bulls with the aid of electro ejaculator into a 15 mL Falcon®
tube during the natural breeding season. Immediately after
collection, the semen samples were kept in a thermo ﬂask con-
taining warm water at a temperature of 37 C and transported for
further analyses.2.3. Semen collection and evaluation
Semen volume (mL) was measured immediately after each
collection by reading volume values on the 15 mL graduated Fal-
con® tube (352099, USA) and recorded while sperm concentration
was determined using the spectrophotometer (JENWAY® 6310).
Then the readings on the spectrophotometer was recorded and
expressed as (109 sperm/mL). Sperm motility rates were evalu-
ated using the CASA system. Sperm motility rates were evaluated
using the swim up method. Brieﬂy, 10 mL of semen was added to
500 mL Brackett and Oliphant medium. Thereafter, 5 mL of the
mixture was pipetted on a microscope slide and covered with a
warm glass slide (~76  26  1 mm, Germany) and placed with a
warmed cover slip (22  22 mm, Germany) over the microscope-
warm plate (Omron®) adjusted at 37 C. The sperm motility rate
was evaluated before freezing and after thawing by Sperm Class
Analyzer® system (Microptic, Spain) at the magniﬁcation of X 10
(Nikon, China). The sperm morphology was recorded after staining
the semen samples with SYBR-14/propidium iodide stain on a mi-
croscope slide. The stained slide was then placed on a microscope
table for evaluation. During evaluation, a drop of immersion oil was
poured on the stained slide, ﬂuorescent microscope (Olympus,
Corporation BX 51FT, Tokyo, Japan) was used at X 100magniﬁcation
to count 200 sperm per stained slide and results were recorded.
Live sperm will ﬂuoresce green, while the dead sperm ﬂuoresced
red in colour.
2.4. Semen dilution, freezing and thawing
Raw semen samples were diluted (1:1) with the egg yolk citrate
extender, without cryoprotectant (fraction A) and stored at 5 C for
2 h. Thereafter, a second (fraction B) dilution (1:2) with egg yolk
citrate extender supplemented with 12% of GLY or EG or DMSO or
PND or the combination of two best cryoprotectants was further
equilibrated for an additional period of 2 h at 5 C. After 2 h of
equilibration with fraction B, semen samples were loaded into
0.5 mL polyvinyl chloride straws, sealed and placed horizontally
into a controlled programmable freezer. Semen was then frozen
using a controlled programmable freezer from 5 to 5 C at
0.008 C min and from 4 to e 130 C at 6 C min. When the target
temperature of 130 C was reached, the semen straws samples
were placed into liquid nitrogen tank (196 C) for storage until
thawing. After 30 days of storage semen straws were thawed in a
water bath at 37 C for 1 min. Thawed semen samples were eval-
uated for sperm motility rates traits using the CASA.
2.5. Oestrous synchronization, artiﬁcial insemination and
pregnancy diagnosis of Nguni cows
For AI, matured Nguni cows were synchronized before. The
selected cows were injected with Estradiol® together with the
insertion of controlled internal drug release dispensers (CIDR®)
(Phamacia & Upjohn, Auckland, New Zealand), for eight days. On
the day of CIDR® removal, prostaglandin (PGF2a) was also injected.
Fixed time artiﬁcial inseminationwith 0.5mL frozen thawed semen
was performed at 48 and 60 h after the withdrawal of the CIDR®.
Pregnancy diagnosis was performed after three months following
AI. A rectal palpation together with the ultrasound scanner (Ibex,
Colorado, USA) was used to determine pregnancy rate.
2.6. In vitro embryo production
Heterogeneous cattle ovaries were collected at a local abattoir,
immediately after slaughter and transported to the laboratory in a
saline solution at 37 C. Ovaries were aspirated to retrieve oocytes
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retrieved and washed three times using 3 mL of Dulbecco's phos-
phate buffered saline medium in petri dish (Falcon®1008). There-
after, oocytes were again washed three times with 3 mL of tissue
culture medium (M199). The oocytes were then transferred in the
four well plate that containedmaturationmedium and incubated at
a temperature of 39 C for 22 h with 5% CO2 and 100% humidity, for
maturation to occur. Following in vitro maturation, matured oo-
cytes were fertilized with semen which resulted in better sperm
motility rates. During IVF, 20e25 cumulus oocyte complexes were
placed in pre-incubated 50 mL droplets of fertilization medium,
covered with 3 mL of mineral oil. The 50 mL of diluted bull semen
solution with a sperm concentration of 0.98  109/mL was used to
inseminate each 50 mL droplet containing 20e25 oocytes. Finally
the oocytes, together with the sperm were co-incubated for 18 h
[15]. Following in vitro fertilization, the presumptive zygotes were
washed by vortexing in order to remove the cumulus complexes.
Following vortexing, the presumptive zygotes were washed three
times in pre-incubated tissue culture medium 199 supplemented
with 10% fetal bovine serum solution. Embryos were also washed in
pre-incubated 100 mL of synthetic oviduct ﬂuid (SOF) droplets and
thereafter, 20e25 the presumptive zygotes were transferred into
pre-incubated 50 mL droplet of synthetic oviductal ﬂuid medium in
a petri dish covered with mineral oil. Then the zygotes were
incubated at 39 C, 5% CO2, humid air for seven days. The SOF-
Bovine serum albumen (BSA) culture medium was replaced 48 h
post fertilization, with Foetal bovine serum (FBS). The cleavage rate
was recorded 48 h post culture.2.7. Data analysis
Data was analyzed using GenStat® statistical programme. A
signiﬁcant level of p < 0.05 was used. Treatment means were
separated using Fisher's protected t-test to test for signiﬁcance. The
data was presented as mean the ±standard deviation (S.D).3. Results
3.1. Individual variation of Nguni bulls regarding age, body weight,
scrotal circumference, macro and microscopic semen evaluation
In Table 1 the individual body weight, age, scrotal circumference
and macroscopic evaluation (semen volume and concentration) forTable 1
Individual variation of Nguni bulls regarding age, body weight, scrotal circumference an
Bull ID Age (years) Body weight (kg) Scrotal circumferen
0155 7 672 44
0438 7 518 40
0465 7 522 38
0483 7 536 41
0527 6 479 40
0538 6 452 31
0628 5 505 41
0688 5 481 38
0718 4 398 34
072 4 360 40
0723 4 373 37
0740 4 390 36
0776 4 345 33
3112 6 364 40
7133 4 321 38
8113 5 349 39
8140 5 357 34
8152 6 357 34
aec values with different superscripts within a column differ signiﬁcantly at p < 0.05.the individual Nguni bulls that was used for semen collection are
set out. There was a variation of body weight and scrotal circum-
ference between the individual bulls of the same age. For example
bull no 0155 recorded a higher scrotal circumference (44 cm) and
body weight (672 kg), compared to bull no 0465. A signiﬁcant
difference (p < 0.05) between the individual bulls was recorded for
scrotal circumference and body weight however, no signiﬁcant
difference in sperm concentration was recorded between bulls.
There was however a signiﬁcant difference (p < 0.05) in total sperm
motility between the individual bulls, regardless of age or body
weight and scrotal circumference.
3.2. Sperm motility rates (%) for fresh/raw Nguni semen
A signiﬁcant difference (p < 0.05) was recorded on fresh/raw
semen on rapid sperm, medium, slow, progressive motility, non-
progressive motility, static, curvilinear velocity, straight-line ve-
locity, average path velocity and the amplitude of lateral head
displacement, among the bulls in Table 2. However, there were no
signiﬁcant differences between straight-line velocity, linearity,
straightness, wobble, and beat cross frequency for the sperm.
3.3. Morphological sperm characteristics (means ± SD) of fresh
Nguni bull semen
The data regarding morphological sperm characteristics of
fresh/raw Nguni semen are set out in Table 3. These sperm pa-
rameters and percentage includes; live normal or dead sperm and
live sperm abnormalities (proximal droplets, distal droplets, bent
mid-piece and tails). This table also shows the signiﬁcant difference
(p < 0.05) between live, normal sperm, live sperm with abnor-
malities and dead sperm of the 18 Nguni bulls. There were more
live, normal sperm cells compared to dead sperm between the
bulls.
3.4. Pearson correlation coefﬁcients for Nguni body weight, age and
scrotal circumference with sperm parameters
Table 4 represent Pearson correlation coefﬁcient of Nguni sperm
parameters (total sperm motility (TM) and progressive sperm
motility (PM)) with body weight, age and scrotal circumference as
evaluated by CASA. A low negative correlation between body
weight, scrotal circumference and age with total sperm motilityd semen characteristics.
ce (cm) Semen volume (mL) Sperm concentration (109/mL)
2.3 ± 2.1bc 2.9 ± 3.2
2.0 ± 1.1bc 3.0 ± 1.2
1.3 ± 1.3c 1.5 ± 1.7
2.1 ± 0.9bc 1.9 ± 1.1
1.0 ± 0.6c 2.8 ± 1.4
2.6 ± 1.1bc 3.0 ± 1.4
3.8 ± 3.1ab 2.1 ± 2.0
2.7 ± 1.8bc 3.1 ± 2.7
1.5 ± 1.9bc 0.9 ± 0.9
3.4 ± 2.7aec 2.7 ± 1.8
2.7 ± 1.3bc 2.9 ± 2.4
2.2 ± 1.8bc 3.2 ± 2.9
1.7 ± 1.2bc 1.7 ± 1.7
1.8 ± 1.7bc 2.1 ± 2.4
1.5 ± 0.5bc 1.7 ± 1.2
5.5 ± 4.3a 3.1 ± 1.9
2.7 ± 1.6bc 2.7 ± 1.5
2.8 ± 2.3bc 1.7 ± 1.2
Table 2
Mean (±SD) sperm motility rates (%) for fresh/raw Nguni semen.
Bull ID TM (%) RAP (%) MED (%) SLW (%) PM (%) NPM (%) STC (%) VCL (mm/sec)
0155 88.0 ± 14.6aec 18.7 ± 20.3ef 34.2 ± 20.3ab 35.2 ± 22.2aec 38.4 ± 26.4bed 49.6 ± 12.6aec 11.9 ± 14.6aec 66.9 ± 35.6de
0438 88.8 ± 10.9ab 21.5 ± 15.8def 35.6 ± 19.6ab 31.6 ± 21.4aed 41.6 ± 27.9aed 47.2 ± 19.2aed 11.2 ± 10.9bec 79.3 ± 30.9bee
0465 88.2 ± 8.8ab 16.9 ± 23.2f 32.3 ± 7.1ab 39.0 ± 21.7ab 33.7 ± 13.2cd 54.5 ± 4.9ab 11.8 ± 8.8bec 68.7 ± 34.8de
0483 94.5 ± 6.1ab 13.9 ± 22.4f 38.8 ± 11.6ab 42.0 ± 22.6a 36.8 ± 16.4cd 57.7 ± 13.0a 5.5 ± 6.1bec 65.8 ± 35.9e
0527 87.5 ± 7.2aec 23.8 ± 10.3cef 43.3 ± 5.7a 22.8 ± 9.5aee 53.3 ± 16.9aed 34.2 ± 12.7dc 12.5 ± 7.2aec 88.3 ± 12.2aee
0538 93.3 ± 9.0ab 44.2 ± 19.9aed 29.6 ± 10.3ab 19.5 ± 14.4bee 50.0 ± 19.7aed 43.3 ± 14.3ad 6.76 ± 8.9bec 102.5 ± 22.6aed
0628 97.0 ± 3.8ab 50.2 ± 19.9ab 36.4 ± 17.3ab 10.5 ± 6.4de 60.9 ± 10.9aec 36.1 ± 13.1bed 2.9 ± 3.8bec 115.6 ± 16.1ab
0688 93.7 ± 4.1ab 32.6 ± 11.3bef 33.5 ± 12.6ab 27.6 ± 14.8aee 49.6 ± 25.2aed 44.2 ± 22.0aed 6.3 ± 4.1bec 92.8 ± 17.5aee
0718 75.9 ± 20.6c 16.1 ± 26.9f 19.2 ± 16.7b 40.5 ± 20.8aeb 28.4 ± 28.4d 47.5 ± 8.8aed 24.1 ± 20.6a 63.6 ± 50.9e
072 97.7 ± 1.7a 41.1 ± 16.4aee 42.0 ± 11.7a 14.3 ± 5.8ced 60.9 ± 8.2aec 36.7 ± 8.3bd 2.3 ± 1.7c 107.9 ± 18.9aec
0723 97.5 ± 2.9a 46.8 ± 10.6aec 37.8 ± 8.0ab 13.0 ± 4.5cee 60.8 ± 13.1aec 36.7 ± 10.4bed 2.50 ± 2.9c 114.0 ± 17.5aec
0740 86.9 ± 15.1aec 27.6 ± 21.3bef 33.7 ± 14.4ab 25.7 ± 11.8aee 48.1 ± 28.6aed 38.8 ± 12.5bed 13.5 ± 15.1aec 85.1 ± 29.3bee
0776 93.3 ± 11.4ab 26.1 ± 18.9cef 42.9 ± 29.2a 24.3 ± 33.8aee 54.9 ± 35.8aed 38.4 ± 24.5bed 6.7 ± 11.4bec 81.2 ± 42.1bee
3112 96.2 ± 4.1ab 46.7 ± 14.1aec 36.3 ± 3.8ab 13.2 ± 8.7cee 65.3 ± 4.9ab 30.9 ± 3.3cd 3.8 ± 4.1bec 110.7 ± 13.9aec
7133 96.6 ± 2.1ab 58.2 ± 10.5a 28.1 ± 14.7ab 13.8 ± 4.7cee 59.8 ± 4.3aec 36.7 ± 3.2bed 3.5 ± 2.1bec 121.8 ± 14.7a
8113 96.0 ± 2.4ab 19.4 ± 15.3ef 42.0 ± 17.3a 34.6 ± 17.5aec 46.4 ± 17.3aed 49.7 ± 15.5aec 3.8 ± 2.7bec 77.8 ± 21.1cee
8140 85.0 ± 13.2bc 26.9 ± 20.4bef 24.7 ± 10.3ab 33.5 ± 19.5aec 39.4 ± 24.7bed 45.6 ± 13.7aed 14.9 ± 13.2ab 77.8 ± 33.1cee
8152 97.6 ± 1.9a 58.7 ± 7.3a 30.5 ± 8.7ab 8.5 ± 1.7e 68.8 ± 7.8a 28.9 ± 8.7d 2.4 ± 1.9c 121.9 ± 6.6a
aef values with different superscripts within a column differ signiﬁcantly at p < 0.005.
TM ¼ total motility, RAP ¼ rapid, MED ¼ medium, SLW ¼ slow, PM ¼ progressive motility, NPN ¼ non progressive motility, STC ¼ static, VCL ¼ curvilinear velocity.
Table 3
Morphological sperm cell characteristics (means ± SD) of fresh Nguni bull semen.
Bull ID Viability (%) Live sperm abnormalities (%)
Live sperm Dead sperm Proximal droplet Distal droplet Mid piece Tail
0155 86.38 ± 5.59aee 6.75 ± 2.37cd 1.00 ± 0.92aed 0.50 ± 1.00b 0.50 ± 0.41b 4.88 ± 4.09a
0438 88.10 ± 1.85aed 7.70 ± 0.91bed 0.30 ± 0.45cd 0.10 ± 0.24b 0.10 ± 0.23b 3.70 ± 1.93ab
0465 80.50 ± 4.00de 12.34 ± 4.94ab 1.84 ± 0.29aec 0.17 ± 0.29b 0.84 ± 0.77ab 2.34 ± 1.89ab
0483 90.6 ± 4.34a 5.50 ± 2.24d 1.20 ± 1.15aed 0.30 ± 0.45 0.00 ± 0.00b 2.40 ± 1.14ab
0527 81.30 ± 7.75cee 11.10 ± 5.69aec 1.00 ± 1.23aed 1.00 ± 0.94ab 1.30 ± 1.72ab 4.30 ± 2.17ab
0538 82.10 ± 9.47bee 11.80 ± 5.03aec 1.20 ± 0.45aed 0.60 ± 0.89b 0.20 ± 0.45b 4.10 ± 5.32ab
0628 89.30 ± 7.18aec 6.70 ± 4.71cd 1.6 ± 1.19aec 0.10 ± 0.23b 0.10 ± 0.23b 2.20 ± 1.79ab
0688 87.88 ± 4.33ed 7.88 ± 2.18bed 0.50 ± 1.00cd 0.00 ± 0.00b 0.38 ± 0.75b 3.38 ± 2.325ab
0718 79.67 ± 6.43e 14.50 ± 4.33a 0.00 ± 0.00d 0.34 ± 0.58b 2.00 ± 3.47ab 3.50 ± 3.04ab
072 82.40 ± 5.31aee 8.30 ± 6.14bed 0.8 ± 0.76bed 0.50 ± 0.50b 2.80 ± 5.22ab 5.20 ± 1.44a
0723 81.10 ± 5.42cee 9.20 ± 2.79aed 2.40 ± 1.4a 2.40 ± 2.44a 0.60 ± 0.82b 4.30 ± 2.66ab
0740 88.13 ± 3.84aed 6.50 ± 2.49cd 2.13 ± 2.02ab 0.38 ± 0.48b 0.50 ± 0.71b 2.38 ± 1.93ab
0776 85.13 ± 4.56aee 8.50 ± 1.78bed 1.88 ± 0.48aec 1.25 ± 0.87ab 0.63 ± 0.95b 2.63 ± 2.72ab
3112 81.5 ± 4.09cee 12.17 ± 5.53ab 1.17 ± 1.61aed 1.50 ± 2.59ab 0.50 ± 0.50b 3.17 ± 0.77ab
7133 81.90 ± 8.65bee 6.80 ± 0.28cd 1.20 ± 1.81aed 0.20 ± 0.28b 5.60 ± 11.16a 4.30 ± 2.78ab
8113 90.10 ± 3.19ab 5.30 ± 2.75d 1.30 ± 1.15aed 0.80 ± 1.53b 0.90 ± 1.25ab 1.60 ± 1.19ab
8140 87.90 ± 1.78aed 8.80 ± 2.19bed 1.10 ± 0.96aed 0.60 ± 0.82b 0.70 ± 0.84b 0.90 ± 0.82b
8152 88.00 ± 1.41aed 7.50 ± 3.54bed 0.00 ± 0.00d 0.75 ± 1.6b 1.25 ± 1.6ab 2.50 ± 2.12ab
aee values with different superscripts within a columns differ signiﬁcantly at p < 0.05.
Table 4
Pearson correlation coefﬁcients of body measurements with total sperm and progressive motility rate on Nguni bull.
Body weight Scrotal circumference Age Total sperm motility Progressive sperm motility
Body weight 1.00
Scrotal circumference 0.66a 1.00
Age 0.92a 0.66a 1.00
TM 0.10 0.12 0.26 1.00
PM 0.09 0.16 0.20 0.50a 1.00
TM ¼ total motility and PM ¼ progressive motility.
a Values are with signiﬁcantly different p < 0.05.
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weight (r ¼ 0.92) and scrotal circumference (r ¼ 0.66) with age.3.5. Comparison of different cryoprotectants (GLY, EG, DMSO, PND)
and the combinations of two best cryoprotectants on sperm motility
characteristics following cryopreservation of Nguni bulls semen
Different cryoprotectants (GLY, EG, DMSO and PND) were addedto fraction B of the egg yolk citrate extender before cryopreserva-
tion. After cryopreservation and thawing sperm parameters were
evaluated using CASA. In Table 5 sperm motility data of the cry-
opreserved Nguni semenwith different cryoprotectants are shown.
Following thawing of semen, there was a signiﬁcant difference
(p < 0.05) between raw total sperm motility (94.7 ± 2.6%) and
frozen-thawed sperm total motility with either GLY (77.8 ± 11.0%),
EG (20.4 ± 11.9%), DMSO (15.7 ± 10.1%), PND (11.2 ± 11.3%) and the
Table 5
Comparison of different cryoprotectants (GLY, EG, DMSO, PND) and the combinations of two best cryoprotectants on spermmotility characteristics following cryopreservation
of Nguni bulls semen.
Sperm motility characteristics Fresh 12% GLY 12% DMSO 12% EG 12% PND 6% GLY þ6% EG
TM (%) 94.7 ± 2.6a 77.8 ± 11.0b 15.7 ± 11.9d 20.4 ± 10.1d 11.2 ± 11.3d,e 27.0 ± 13.6c
RAP (%) 30.8 ± 11.9a 16.7 ± 15.5b 0.0 ± 0.0c 1.34 ± 1.9c 0.0 ± 0.1c 0.8 ± 0.9c
MED (%) 33.2 ± 18.3a 19.9 ± 10.7b 1.0 ± 2.2c 2.1 ± 1.7c 0.1 ± 0.4c 4.9 ± 3.7c
SLW (%) 23.9 ± 8.8b 41.3 ± 15.2a 15.0 ± 13.1c 16.9 ± 10.7c 11.0 ± 10.8c 21.3 ± 15.8b
PM (%) 48.9 ± 11.2a 29.2 ± 20.1b 0.7 ± 1.5c 2.7 ± 2.9c 0.1 ± 0.4c 1.3 ± 1.6c
NPM (%) 45.8 ± 12.9a 48.6 ± 11.9a 15.0 ± 12.1b 17.7 ± 10.3b 11.0 ± 10.9b 25.7 ± 14.9b
STC (%) 5.3 ± 2.6d 22.1 ± 11.2c 85.3 ± 12.6a 71.5 ± 23.9b 88.8 ± 11.3a 72.9 ± 13.6b
VCL (mm/sec) 92.4 ± 14.7a 61.8 ± 29.3b 26.13 ± 21.3d 40.9 ± 20.9c 14.1 ± 7.7d,e 35.1 ± 4.8c
VSL (mm/sec) 57.5 ± 17.7a 39.1 ± 23.9a 15.3 ± 13.2b 23.7 ± 17.4bc 8.0 ± 8.0c 10.8 ± 1.1c
VAP (mm/sec) 73.9 ± 19.9a 46.2 ± 24.9b 19.4 ± 15.3bc 30.9 ± 20.8bc 10.1 ± 8.2d 21.7 ± 1.9bc
LIN (%) 61.3 ± 8.9a 62.0 ± 5.7a 47.2 ± 16.7aec 56.6 ± 20.6ab 42.6 ± 16.6bc 31.0 ± 1.7c
STR (%) 77.5 ± 6.26a 82.7 ± 2.9a 67.8 ± 18.2aec 74.8 ± 13.1ab 63.4 ± 21.2bc 50.0 ± 4.3c
WOB (%) 78.9 ± 8.1a 74.3 ± 4.4a 62.0 ± 21.4b 73.7 ± 17.5a 59.9 ± 14.9b 62.2 ± 5.7b
ALH (mm) 3.1 ± 0.3a 3.5 ± 0.3a 0.5 ± 1.1b 1.9 ± 1.5c 0.1 ± 0.3c 2.8 ± 2.2ab
BCF (Hz) 9.0 ± 1.8a 10.61 ± 1.7a 1.3 ± 3.1b 4.9 ± 3.4c 0.4 ± 1.1b 4.6 ± 2.9c
aee values with different superscripts within a column differ signiﬁcantly at p < 0.05.
GLY ¼ glycerol, DMSO ¼ dimethyl sulfoxide, EG ¼ ethylene glycol and PND ¼ propylene glycol, TM ¼ total motility, RAP ¼ rapid, MED ¼ medium, SLW ¼ slow,
PM ¼ progressive motility, NPN ¼ non progressive motility, STC ¼ static, VCL ¼ curvilinear velocity, VSL ¼ straight line velocity, VAP ¼ average path velocity, LIN ¼ linearity,
STR ¼ straightness, WOB ¼ wobble, ALH ¼ amplitude of lateral head displacement, BCF ¼ beat cross frequency.
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signiﬁcantly higher (p < 0.05) TM (77.8 ± 11.0%), compared to the
other cryoprotectants. Similarly, the use of GLY exhibited a signiﬁ-
cantly (p < 0.05) higher RAP (16.7 ± 15.5%), MED (19.9 ± 10.7%),
SLW (41.3 ± 15.2%), PM (29.2 ± 20.1%) and STC (22.1 ± 11.2%), than
the EG, DMSO, PND and GLY þ EG cryoprotectant group. Although
GLY performed better, the total sperm motility (TM) of fresh semen
(94.7 ± 2.6%) decreased after cryopreservation, regardless of the
cryoprotectant used. This shows that the cryopreservation process
results in a loss of viable sperm during the freezing and thawing
process.
3.6. Raw and frozen-thawed Nguni sperm morphology using the
synthetic binding CD-R (SYBR-14) propidium iodide staining
technique
The SYBR-14/propidium iodide stain was used to analyze the
viability (green or red) and fertilizing potential of the sperm
(Table 6; Fig. 1). A signiﬁcant difference (p < 0.05) on live sperm
morphology was recorded between the fresh (88.2 ± 2.5%) and
frozen-thawed (68 ± 5.1%) semen (12% Glycerol).
3.7. Evaluation of conception in Nguni cows and cleavage rates
following insemination with frozen-thawed semen, in 12% glycerol
Table 7 present pregnancy rate following artiﬁcial insemination
(in vivo production). A low pregnancy rate was obtained after 26
cows were inseminated with 12% GLY frozen-thawed semen. Out of
cows that: calved once only (2/9) conceived, calved twice only (2/8)
conceived and calved more than twice (4/9) conceived. Table 8
presents Pearson correlation coefﬁcients following evaluation of
the conception and cleavage rate after insemination with frozen-
thawed semen, cryopreserved with 12% glycerol. A negative cor-
relation between fertility (cleavage rate) and motility parametersTable 6
Raw and frozen-thawed Nguni spermmorphology using the synthetic binding CD-R
(SYBR)/propidium iodide technique.
Semen Live (%) Dead (%)
Fresh 88.2 ± 2.5a 11.8 ± 2.5a
Thawed (12% GLY) 68.5 ± 5.0b 31.4 ± 5.0b
aeb values with different superscripts within a column differ signiﬁcantly at p< 0.05.(TM, PM, RAP and MED) was recorded. However, there was a pos-
itive correlation between TM and pregnancy rate following AI
(r ¼ 0.42).4. Discussion
Bulls of the same breed vary in body size, structure and colour.
In this study, individual body weight, age, scrotal circumference,
macroscopic semen evaluation (semen volume and concentration)
and total spermmotility rates for each Nguni bull that was used for
semen collection was evaluated. A positive correlation between
body weight and age (r ¼ 0.92) was recorded; however a negative
correlation between scrotal circumference (r ¼ 0.12) and total
sperm motility rate was also observed. Furthermore, there was
positive correlation between scrotal circumference and body
weight (r ¼ 0.66). There was also a negative correlation of body
weight, scrotal circumference and age of the bulls with progressive
sperm motility. Foote et al. [16] also stated that testes size affects
the number of spermwhich can be collected greatly per unit of time
from bulls ejaculated frequently. Moreover, individual variations
regarding semen volume between the 18 Nguni bulls (ranging from
1.00 ± 0.56 mL to 3.80 ± 3.05 mL). Interestingly, the sperm con-
centration was similar for the Nguni bulls. However, individual
variation among the 18 Nguni bull for total sperm motility rates
(ranged from 75.9 ± 20.6% to 97.7 ± 1.7%) were recorded, regardless
of the same age or body weight or scrotal circumference. A high
percentage of live normal sperm morphology was recorded,
compared to dead sperm. Although the percentage of dead sperm
were signiﬁcantly higher, it was still acceptable. Many types of
abnormal sperm have been described and some types are heredi-
tary [17]. These include both primary abnormalities of the sperm
head, such as an acrosomalcap defect [18] and secondary abnor-
malities of the sperm tail [19]. However, in this study these primary
abnormalities were not found. There was a signiﬁcant difference
(p < 0.05) in total sperm motility of Nguni semen cryopreserved
with glycerol, ethylene glycol, dimethyl sulfoxide, propylene glycol
or a combination of glycerol and ethylene glycol. Glycerol resulted
in a signiﬁcantly higher (p < 0.05) TM (77.8%), compared to the
other cryoprotectants. Similarly, the use of GLY exhibited a signiﬁ-
cantly (p < 0.05) higher RAP (16.7%), MED (19.9%), SLW (41.3%), PM
(29.2 ± 20.1%) and STC (22.1%), than the EG, DMSO, PND and
GLY þ EG cryoprotectant group. This also shows that the
Fig. 1. Live and dead sperm stained with SYBR 14/propidium iodide (100 magniﬁcation). A ¼ Live sperm and B ¼ Dead.
Table 7
Evaluation of conception in Nguni cows and cleavage rates following insemination with frozen-thawed semen, in 12% glycerol.
In vivo embryo production
Cows parity status Number of cows Estrus response (%) Pregnancy status (%)
Calved once 9 88.9 (8/9) 22.2 (2/9)
Calved twice 8 87.5 (7/8) 25.0 (2/8)
Calved more than twice 9 77.8 (7/9) 44.4 (4/9)
Number of oocytes Cleavage rate (%)
2 cells 4 cells 8e16 cells
197 32.9 (65/197) 24.3 (48/197) 15.7 (31/197)
Table 8
Pearson correlation coefﬁcients of in vitro fertilization and sperm characteristics of
Nguni semen.
Fertility (oocyte) TM PM RAP MED
Fertility (Oocyte) 1.00
TM 0.53 1.00
PM 0.28 0.71a 1.00
RAP 0.33 0.65a 0.98a 1.00
MED 0.11 0.84a 0.53a 0.40 1.00
TM ¼ total motility, PM ¼ progressive motility, RAP ¼ rapid and MED ¼ medium.
a Values are signiﬁcantly correlated p < 0.05.
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compared to non-cryopreserved semen.
The results showed that glycerol resulted in a signiﬁcant higher
(p < 0.05) total spermmotility (77.8 ± 11.0%) compared to the other
cryoprotectants. This is similar to the sperm motility rate reported
by Seshoka et al. [7] when different concentrations (0, 4, 8 and 12%)
of glycerol were tested during freezing of bull semen. The highest
sperm motility rate of (61.5 ± 4.7%) was recorded after cryopres-
ervation with 12% glycerol while 0% resulted with (0.0 ± 0.0), 4%
resulted with (30.2 ± 13.4) and 8% resulted with (47.9 ± 12.5) total
sperm motility rate. This may be due to the molecular weight
(92.09382 g/mol), which makes glycerol to be very low toxic and
does not allow rapid movement in and out of the sperm [20] which
results in better cell protection. Addition of glycerol improved the
sperm motility rate of Nguni semen signiﬁcantly. Snedeker and
Gaunya [13] also reported similar observations, and indicated that
dimethyl sulfoxide (DMSO) to result in less effective compared to
glycerol during the cryopreservation of bovine semen.
In this study, dimethyl sulfoxide performed similar to ethylene
glycol and propylene glycol. Ethylene glycol resulted better than
dimethyl sulfoxide and propylene glycol. Even though glycerol
resulted in highest sperm motility rates than the other cryopro-
tectants, when it was combined with ethylene glycol the spermmotility rate decreased. Ethylene glycol has a high penetrating
ability into the cell, whichmay cause damage to the cell membrane.
Moreover, therewas a signiﬁcant difference on spermmotility rates
of fresh (94.7 ± 2.6%) and frozen/thawed semen. These ﬁndings are
in line with the results reported by Watson [21] and Seshoka et al.
[7], who indicated that regardless of the concentration and cryo-
protectant used for cryopreservation, the freezing-thawing process
reduced the Nguni total sperm motility rates.
Molinia et al. [22] and Morrier et al. [23] indicated that cryo-
preservation of mammalian semen without enrichment of other
compounds, glycerol is the most effective cryoprotectant to use.
Salomon and Maxwell [24] also stated that during the cryopreser-
vation of ram semen, glycerol is the most commonly preferred
cryoprotectant. The use for cryopreservation of spermwith glycerol
as cryoprotectant was ﬁrst discovered by Polge et al. [25] and since
then, glycerol become the most common cryoprotectant for the
freezing of sperm. This study showed that addition of glycerol for
cryopreservation improved the post-thaw sperm motility rates in
Nguni semen, when a 12% concentrationwas used. This implies that
12% glycerol can be used to cryopreserve Nguni bull semen. This
may also improve the pregnancy rate in the commercial cattle
sector and small scale farmers since the sperm motility has been
improved.
The results for staining semen with SYBR 14/propidium iodide
showed a signiﬁcant difference (p < 0.05) for fresh semen
(88.2 ± 2.5%) and frozen thawed (31.4 ± 5.1%) semen. These results
are similar to other studies [26]. This shows that the cryopreser-
vation process had a drastic effect on semen, compared to non-
cryopreserved semen. By using the SYBR 14/propidium iodide
stain, all live sperm ﬂuorescence green, while dead sperm ﬂuo-
rescence red. SYBR Green-14 is a ﬂuorescent dye that binds to
double stranded DNA with great speciﬁcity. It is widely used in
molecular biology research, to quantify and visualize double
stranded DNA. As sperm die, they lose their ability to resist the
inﬂux of the membrane -impermeant dye, propidium iodide, which
M.M. Seshoka et al. / Cryobiology 72 (2016) 232e238238upon entering the sperm apparently replaces or quenches the
SYBR-14 staining. The propidium iodide likely enters the nuclear
compartment through pores in the nuclear membrane that are
located in the membrane folds at the posterior aspect of the sperm
head, near the implantation fossa. This will result in a sperm cell
being red in colour.
Moreover, this study was also done to evaluate if the frozen
thawed semen that was cryopreserved with 12% glycerol will be
able to penetrate the ovum of the Nguni cow for fertilization to take
place. This was done in both in vivo and in vitro embryo production.
Regarding in vivo embryo production, the Pearson correlation co-
efﬁcients showed a positive correlation (0.42) for pregnancy status
following AI. However, a negative correlation of cleavage rate with
total sperm motility (r ¼ 0.53), progressive sperm motility
(0.28), rapid (0.33) andmedium (0.11) was obtained under the
in vitro production system. This effect may be attributed to poor
quality oocytes. A high dose of frozen thawed sperm may thus be
needed to obtain a high fertilization rate [27]. This implies that
Nguni semen that is cryopreserved with 12% glycerol can be used
for in vivo production which will help with the conservation and
distribution of Nguni genetic material.
5. Conclusions
Cryopreservation of Nguni semen with 12% GLY resulted in
better with sperm motility rates, compared to other cryoprotec-
tants (EG, DMSO, PND and a combination of GLY plus EG). Cryo-
preservation process also reduced sperm motility and viability
regardless of cryoprotectants used. Total sperm motility recorded a
positive correlationwith pregnancy rate after artiﬁcial inseminated
with cryopreserved semen (12% GLY). However, a negative corre-
lation of Nguni sperm parameters with in vitro fertilization was
obtained.
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